The objective of this study was to determine our institutional experience with cytoreductive nephrectomy alone or in conjunction with nephrectomy complete metastasectomy. Between July 1989 and September 2003, we queried our department's renal tumor database for patients undergoing cytoreductive nephrectomy alone or in conjunction with complete metastasectomy. Clinical and pathological factors analyzed included primary tumor size, stage and histological subtype, age, gender, Karnofsky Performance Status (KPS) prior to nephrectomy, number and location of metastatic sites, and the presence or absence of any systemic therapy. Preoperative laboratory values analyzed included hemoglobin (HGB), calcium (CA), albumin (ALB), lactose dehydrogenase (LDH), alkaline phosphatase (ALP), and corrected calcium. Corrected calcium was defined as follows: corrected calcium = total calcium -0.707*(albumin -3.4). During this time frame,1628 patients underwent nephrectomy (partial or radical) for renal masses, 91 (5.6%) of whom had metastatic disease. In this group, 71% of patients were male, 88% of patients had a KPS of 80% or greater, and 92% had conventional clear cell histology. Sixty-four percent of patients had a single site of metastatic disease, with lung the most common, followed by bone, adrenal, brain, and liver. Sixty-one patients (67%) had nephrectomy with removal of all metastatic sites (nephrectomy/complete metastasectomy) and 30 (33%) had cytoreductive nephrectomy alone. Median survival for patients undergoing nephrectomy/complete metastasectomy was 30 months. Median survival for patients undergoing cytoreductive nephrectomy alone was 12 months. Perioperative complications occurred in 13% of patients and four patients died within 30 days of their operation. For patients with metastatic renal cell carcinoma, surgical resection of the primary tumor alone (cytoreductive nephrectomy) or in conjunction with metastasectomy can be accomplished with acceptable perioperative morbidity and mortality. This surgical experience provides a contemporary foundation as new targeted therapeutic agents are integrated into the neoadjuvant or adjuvant treatment of locally advanced and metastatic renal cancer.
INTRODUCTION
In the year 2006, there will be an estimated 38,890 new cases and 12,840 deaths from kidney cancer in the U.S. [1] . Since 1950, there has been a 126% increase in the incidence of renal cancer and a 36.5% increase in annual mortality [2] . Two general groups of patients with renal cortical tumors (RCT) exist: those (approximately 70% of the total) with small (T1, median tumor size 4.0 cm), incidentally discovered RCT with an excellent prognosis (>90% 5-year survival) and those with large, symptomatic, locally advanced tumors that either present with or later become metastatic (30%) and have a guarded or poor prognosis (<10% 5-year survival). In the last decade, our understanding of RCT has evolved and it is now understood that these are a family of neoplasms with distinct histopathological appearances, unique cytogenetic defects, and variable metastatic potential ranging from the benign renal oncocytoma, to the indolent papillary and chromophobe carcinomas, to the conventional clear cell carcinoma that accounts for 65% of the RCT, but 90% of those that metastasize [3] .
Operative management of small RCT today consists of open or laparoscopic partial nephrectomy and radical nephrectomy when partial nephrectomy is not technically feasible, to achieve the concomitant goals of local tumor control and maintenance of maximal renal function [4, 5] . For massive, locally extensive renal tumors with or without involvement of the renal vein, inferior vena cava, and regional nodes, radical nephrectomy with removal of perinephric soft tissues, ipsilateral adrenal, and regional lymph nodes is indicated [6] . Historically, for the patients who present with or later developed metastatic disease, systemic therapies (including systemic chemotherapy, hormonal therapy, and cytokines alone or in combination) were generally ineffective with overall response rates that rarely exceeded 20% and median survival rates of 10-13 months [7] . Survival for newly diagnosed or previously treated metastatic patients is directly related to selection factors as described by Motzer and colleagues at Memorial Sloan Kettering Cancer Center (MSKCC) [8, 9] ; adverse prognostic factors for a shorter survival, low performance status (Karnofsky performance status, KPS, <80% or ECOG performance status >1), high LDH (>1.5 × upper limit of normal), low hemoglobin, high corrected serum calcium (>10 mg/dl), and the absence of nephrectomy [8, 9] .
The role of surgical resection of the renal tumor primary and synchronous or asynchronous metastatic sites (nephrectomy complete metastasectomy), or the resection of the renal tumor primary alone in the face of unresectable metastatic disease (cytoreductive nephrectomy), has long been controversial with data insufficient to determine if survival following operation was a therapeutic effect or simply related to patient selection factors and disease natural history. It was the purpose of the present report to review the rationale for surgical intervention in the face of metastatic disease as well as to report a contemporary experience at our center with both procedures relative to survival and perioperative complications.
PATIENTS AND METHODS AND MATERIALS

Patients
After receiving approval from our Institutional Review Board, we queried our departmental renal tumor surgical database, which has been prospectively updated since its inception in 1989, for patients who underwent a nephrectomy in the face of metastatic disease between July 1989 and September 2003. The database was also queried to identify patients who underwent a complete metastasectomy prior to, during, or subsequent to the nephrectomy. Nephrectomy/complete metastasectomy were defined as the surgical resection of all clinically evident metastatic disease sites and the tumor-bearing kidney. Patients with unresectable metastatic disease or those patients in whom an incomplete or palliative resection of metastatic sites was performed were classified as having undergone a cytoreductive nephrectomy.
Clinical and pathological factors analyzed included primary tumor size, stage and histological subtype, age, gender, KPS prior to nephrectomy, number and location of metastatic sites, and the presence or absence of any systemic therapy. KPS was taken from prenephrectomy evaluations or assigned retrospectively by one of us (PR) for 37 patients who were missing that information. Multiple metastatic deposits in one location were classified as involvement of a single site. For example, bilateral lung nodules counted as one metastatic site location, the lungs. Preoperative laboratory values analyzed included hemoglobin (HGB), calcium (CA), albumin (ALB), lactose dehydrogenase (LDH), alkaline phosphatase (ALP), and corrected calcium. Corrected calcium was defined as follows: corrected calcium = total calcium -0.707*(albumin -3.4).
Statistical Analysis
Overall survival for patients who underwent a cytoreductive nephrectomy with complete metastasectomy and cytoreductive nephrectomy alone (including cytoreductive nephrectomy plus incomplete or palliative metastasectomy) were determined. The endpoint in these studies was death from any cause, with survival probabilities estimated by Kaplan-Meier methods [10] . Analyses were conducted using Stata 9.2 (Stata Corp., College Station, TX.).
RESULTS
Between July 1989 and September 2003, 1628 patients underwent nephrectomy (partial or radical) for renal cortical masses. The focus of this study was the 91 (5.6%) patients with metastatic disease treated in this time frame (Table 1) . Surgical characteristics are given in Table 2 . Sixty-one patients (67%) had removal of the kidney and all metastatic sites (nephrectomy/complete metastasectomy), and the remaining 30 (33%) had cytoreductive nephrectomy alone without resection of all metastatic sites. There were 13 perioperative complications (14%) including five pulmonary (PE, pneumonia, respiratory failure, mucous plugging, pneumothorax), three infectious (UTI, line sepsis, wound infection) and two cardiac (bundle branch block, supraventricular tachycardia). Four patients (4%) died within 30 days of operation from disease progression.
Patient and surgical characteristics for the patients undergoing nephrectomy/complete metastasectomy and cytoreductive nephrectomy alone are given in Table 3 . The groups were similar for all variables other than, as expected, the number of metastatic sites: 44 (72%) of metastasectomy patients had a single site and the remaining 17 (28%) had two sites; the number of patients with one, two, and more than two metastatic sites in patients undergoing cytoreductive nephrectomy was 14 (47%), 12 (40%), and 4 (13%).
There were 74 deaths. Median follow-up for survivors was 43 months. Median survival for patients undergoing nephrectomy/metastasectomy was 30 months (Fig. 1) . Median survival for patients undergoing cytoreductive nephrectomy was 12 months (Fig. 2) .
DISCUSSION
The role of operative intervention in patients with metastatic renal cancer has long been controversial. In 1939, Barney and Churchill first reported a patient that underwent both nephrectomy for a renal cancer and excision of a solitary pulmonary metastasis only to die 23 years later of coronary artery disease [11] . Through the last 60 years, the surgical resection of limited metastatic disease (metastasectomy) was the only therapeutic alternative for such patients due to a lack of effective systemic therapies. The reported selection criteria for this aggressive approach varied from study to study, and significant prognostic factors reported included the site and number of metastatic deposits, completeness of resection, patient performance status, and the disease-free interval from nephrectomy to the diagnosis of metastatic disease. Complete resection of isolated metastases was associated with a 5-year survival rates reported between 35-60%. Despite successful resection of metastatic disease and associated patient survival, evidence was lacking that the surgical intervention itself, as opposed to patient selection factors and the natural history of the renal cancer, lead to the observed outcome [12, 13, 14, 15] . Recent metastasectomy studies also identified favorable clinical and surgical characteristics associated with an enhanced outcome, but metastasectomy has never been addressed in a large, randomized, prospective clinical trial. In 1992, Pogrebniak and colleagues [16] reported 23 patients who underwent resection of pulmonary metastases from RCC, 15 of whom had previously been treated with IL-2-based immunotherapy. Patients with resectable lesions had a longer survival (mean 49 months) than those patients with unresectable lesions (mean 16 months). In this study, too, survival was not dependent on the number of nodules removed [16] . The authors concluded that patients with metastatic RCC should be offered an operation if it is likely to be a curative metastasectomy. Favorable subgroups include those patients with a solitary site of metastases and disease-free interval of greater than 1 year. In a report from MSKCC in 1998, prognostic factors associated with enhanced survival in 278 patients who underwent surgical metastasectomy included a disease-free interval of greater than 12 months (55 vs. 9% 5-year overall survival), solitary vs. multiple sites of metastases (54 vs. 29% 5-year overall survival), and age younger than 60 years (49 vs. 35% 5-year survival). The survival was longer when the solitary site of resection was lung (54% 5-year survival) compared to brain (18% 5-year survival). Twenty-nine percent of patients with completely resected multiple sites of metastases within a given organ survived 5 years; again suggesting that complete resection of all metastatic deposits within an organ was more important than the number metastatic deposits within the organ [17] . Although the curative impact of metastasectomy is not certain, operative intervention can be indicated to provide effective palliation for symptomatic metastatic disease to sites such as bone, brain, and adrenal gland [18, 19] .
The role of radical nephrectomy in patients with extensive metastatic renal cancer where complete metastasectomy is not possible is also controversial. The rationale for cytoreductive radical nephrectomy relates to the theoretical purpose of removing a large, potentially immunosuppressive tumor burden that could serve as a potential source for tumor-related factors that facilitate the metastatic process, enhance tumor neovascularity, and allow tumor cells to escape immune recognition. Rarely, cytoreductive nephrectomy is performed to treat complications from the primary tumor during systemic therapy, such as unremitting gross hematuria or flank pain not relieved by conservative measures, such as angioinfarction. Radical nephrectomy should not be done in order to induce spontaneous remission, a phenomena observed only in 4/474 patients (0.8%) so treated in an important study reported from the Cleveland Clinic [20] . Surgical mortality has been reported between 2-11% for patients with large primary renal tumors and metastatic disease. Not all patients undergoing cytoreductive nephrectomy benefit from the operation. In a 1997 report from the National Cancer Institute, of 195 patients with metastatic RCC, 121 (62%) were eligible for high-dose IL-2 following cytoreductive nephrectomy leading to a reported response rate of 18%. In that series, 38% of the patients who underwent nephrectomy ultimately did not receive any immunotherapy either because of complications of the nephrectomy or rapid deterioration from disease progression [21] . Some oncology groups recommended adjuvant radical nephrectomy only if initial systemic therapy was effective in initiating clinical regression of metastatic sites and thus avoid the surgical morbidity [22, 23] .
In an attempt to address this important clinical issue of the role of nephrectomy in patients with widely metastatic renal cancer, in 2001, two randomized and prospective clinical trials were completed in the U.S. (Southwest Oncology Group, SWOG, 246 patients) [24] and Europe (European Organization Research and Treatment of Cancer, EROTC, 85 patients) [25] . Both studies utilized similar entry criteria and compared cytoreductive nephrectomy plus interferon alpha 2b vs. interferon alpha 2b alone. In the SWOG trial, patients who underwent cytoreductive nephrectomy interferon alfa 2b had a significantly improved median survival of 11.1 months compared to 8.1 months for those treated with interferon alfa 2b alone [24] . In the EROTC trial, the survival advantage for cytoreductive nephrectomy plus interferon alpha 2b (17 months) was significantly greater than interferon alpha 2b alone (7 months). When the investigators from these two organizations combined their data to analyze a total of 331 patients, a median survival of 13.6 months for the cytoreductive nephrectomy plus interferon arm vs.7.8 months for interferon alone arm was reported [26] . In both series, the effect of systemic interferon was negligible. Unlike historical series, operative mortality in the combined experience was 1.5% (two patients) and only 5.6% of patients did not proceed to interferon therapy after nephrectomy, which may be a result of improved surgical skills and perioperative care compared to historical series. Experienced laparoscopic surgeons have performed cytoreductive nephrectomy in carefully selected patients and reported decreased blood loss, less analgesic support, shorter hospitalization, and sooner initiation of systemic therapies [27] . Careful patient selection for any approach to cytoreductive nephrectomy is required with special attention to regional nodal encasement of the hilar vessels, tumor neovascularity, inferior vena caval extension, and the general health of the patient.
Despite the apparent survival benefit of the cytoreductive nephrectomy as described above, the impact of referral patterns, surgical judgment, and patient selection was reported by Bromwich and colleagues [27] from Glasgow, U.K. In their study, 94 patients with metastatic renal cancer were evaluated between 1998-2001 for possible cytoreductive nephrectomy. Of these patients, 38 (40%) were considered inoperable by surgical staff and 36 patients were felt to have an ECOG performance status of >1. Cytoreductive radical nephrectomy was offered to 20 patients (22%) with a performance status of 0 or 1 and performed in 19. Of the 19, 13 patients began a course of immunotherapy (interferon) after operation. Seven patients had treatment-related toxicity necessitating withdrawal from the study and four patients had progressive cancer despite the interferon. Four patients were alive after cytoreductive nephrectomy (mean 8 months, range 3-16 months) and 15 have died of disease (mean time to death 9.5 months, range 3-28 months) [28] . The general impact of cytoreductive surgery and systemic therapy in this group of patients was minimal.
The extent to which the patient selection factors described by Motzer and colleagues at MSKCC [8, 9] (KPS, serum corrected calcium >10 mg/dl, hemoglobin less than the sex-specific lower limit of normal, and LDH >1.5× the upper limit of normal) and validated externally [29] could apply to a population of initially nonmetastatic surgical patients who later developed metastatic renal cancer was recently reported by MSKCC investigators [30] . A group of 118 patients, 79% with conventional clear cell carcinoma and 60% with tumors of pathological T3 or higher, were stratified according to the above risk factors. Time from nephrectomy to recurrence was <12 months in 50 patients (42%, median 4 months, range 1-11 months) and >12 months in 68 patients (58%, median time from nephrectomy to recurrence 32 months range 12-136 months). An inverse correlation between risk factors and survival existed. Median survival for low-risk patients (34% of total, zero risk factors) was 76 months, intermediate risk (50% of total, one or two risk factors) was 25 months, and for high-risk patients (16% of total, three to five risk factors) was 6 months. Thirty patients (25%) in this dataset ultimately underwent surgical metastasectomy, of whom 46% were in the low-risk group. The risk stratification described above has important implications for adjuvant therapy trials, particularly in the low-risk patients whose natural history could indicate a relatively long survival with or without systemic treatment. These data also suggest that the relative wellness of the patient (absence of risk factors) was an important part of the surgeon's decision to perform metastasectomy.
For over 30 years, extensive clinical research with systemic cytokines, chemotherapeutic agents, hormonal manipulations, and vaccines have been largely unsuccessful in treating metastatic renal cancer, leading many investigators to conclude that this disease is resistant to systemic therapy [7] . However, targeted therapeutic approaches to RCC have recently become available with the understanding of the molecular events associated with the germline inactivation of the von Hippel-Lindau (VHL) tumor suppressor gene responsible for this hereditary cancer syndrome, and somatic mutations of this gene that lead to the development of sporadic hemangioblastoma and conventional clear cell carcinoma of the kidney. The VHL gene produces a protein (pVHL) that works through its oxygen-dependent polyubiquitylation of HIF (hypoxia-inducible factor), which is critical in mammalian oxygen sensing apparatus. In the absence of normal pVHL, HIF is stabilized and induces the expression of its target genes that are critical in tumor cell induced angiogenesis, cell growth, and cell survival [31] . The elucidation of this cellular pathway lead to robust preclinical [32] and clinical studies using monoclonal antibodies to bind and inactivate vascular endothelial growth factor (VEG-F), tyrosine kinase inhibitors that block the receptors for VEG-F and platelet derived growth factor (PDF-F), and mammalian target of rapomycin inhibitors (mTOR), a serine/threonine kinase responsible for numerous cell maintenance and cell cycle functions [33, 34, 35, 36, 37] .
Two oral multitargeted kinase inhibitors, sorafenib and sunitinib, have undergone extensive clinical trials in previously cytokine-treated patients with metastatic renal cancer as second-line therapy and have been effective in this setting of inducing partial remissions, disease stabilization, and delay in time to progression of up to 8.7 months in patients previously without a therapeutic option. Of interest is the observation in some cases of substantial regression of the primary kidney tumor during targeted therapy. Regression of primary and metastatic sites has been associated with qualitative changes in imaging contrast uptake, suggesting an effect on the vascular perfusion by the systemic agents [38, 39] . In a multiinstitutional, open-label, single-arm clinical trial of sunitinib in 105 patients who previously failed cytokine therapy, the objective response rate was 34% partial response rate and a median progression free survival of 8.3 months [40] . The most common adverse effects of these agents are generally manageable in under 30% of patients and include fatigue (28%), diarrhea, hand and foot syndrome, rash, and hair loss when the rash involved the scalp.
In our dataset, which spanned a 14-year period, operations in the face of metastatic renal cancer represented a small percentage of the overall surgical experience (<6%) at our center. The 61 patients that underwent a nephrectomy and metastasectomy differed from the 30 patients undergoing cytoreductive nephrectomy by only the preoperative selection factor of serum hemoglobin (12.6 vs. 11.7g/dl). However, the more limited extent of disease that allowed for these carefully selected patients to undergo metastasectomy likely explains their enhanced survival compared to patients undergoing cytoreductive nephrectomy in which metastasectomy was not possible (30 vs. 12 months).
For the entire group, perioperative complications were acceptable (13%), but four patients died of disease progression within 30 days. We cannot necessarily ascribe the observed differences in outcome to differences in surgical approach. Selection bias may take place preoperatively, in terms of a surgeon's or patient's willingness to undergo a potentially complex radical nephrectomy when overall anticipated survival is limited. Perhaps more critically, selection bias acts intraoperatively, as patients seen to have widespread or unresectable disease will receive only cytoreductive nephrectomy.
As new and possibly more effective systemic agents are introduced for the treatment of metastatic renal cancer, shifting surgical strategies may be required. Future clinical trial design for patients with widely metastatic renal cancer will likely integrate pretreatment with effective systemic targeted agents with surgical intervention as a means of consolidation, either in the form of cytoreductive nephrectomy and/or metastasectomy, followed with the possibility for long-term maintenance of the systemic agents. Surgical debulking of the primary and, if possible, complete metastasectomy, coupled with effective systemic targeted agents, may convert metastatic renal cancer from a progressive disease to a chronic disease. Our study provides a baseline of expectations and perioperative complications in a contemporary series of patients undergoing operative resection in the face of metastatic renal cancer.
CONCLUSIONS
Patients with RCC that either present with or later develop metastatic disease represent approximately 30% of the patients with RCT. Operative intervention in patients with metastatic renal cancer has long been controversial and subjected to extensive selection biases. Our 14-year experience with 91 patients undergoing operative intervention either as a nephrectomy/metastasectomy (n = 61) or as a cytoreductive nephrectomy (n = 30) is presented. Survival differences, median of 30 months in the former group and 12 months in the latter, are likely associated with the extent of disease at the time of intervention and patient selection factors. As new, recently FDA-approved targeted agents, such as sunitinib and sorafenib, with specific activity in metastatic renal cancer, are integrated into the treatment of locally advanced and metastatic renal cancer, the role of the surgical intervention is likely to evolve with cytoreductive nephrectomy and metastasectomy will be utilized to achieve complete surgical remission. Our data also indicate that operative intervention in the face of metastatic renal cancer can be done with acceptable surgical morbidity.
